A temptative forecast is proposed on possible evolution of breeding goals for new ornamentals while considering the major changes at international level. Following points have been discussed: the increase of consumption and the development of new production area, the changes of consumers' tastes, possibilities offered by genetic transformation as well as plant breeders' right. It is anticipated that diversification through the use of new genus and species will increase and for some of them new breeding programs will be launched to propose better suited varieties. Consumers' tastes will be strongly influenced in the long term by an increasing concern in quality of products and environmental protection resulting in a stronger request for disease and pest resistant plants that need not to be sprayed for instance. Selection against the most detrimental viruses will complement sanitary certification techniques to answer the demand for virus tested plant material in the European Union. Among possible techniques, genetic transformation has been chosen as a case study; a comparison has been established between information given in publications and plants proposed for field trials in several countries. Several fixed goals have been reached; results from others are still expected like virus resistance, modification of aromatic constituents, alteration of the carotenoid pathway. Plant protection through Plant breeders' right is rather favorable to the development of new varieties even if the patenting of transgenic plants might limit the access to genetic resources.
Introduction
As a starting point of the ornamental plant production process, a variety must be considered as a raw material supplied with its own specific properties and qualities. Final products (bouquets, flowering pots, gardens,...), while considered as a phenotypic expression of all the genetic traits patiently put together by generations of breeders, result from a several-step transformation process starting from growers in first instance but also including other key actors like wholesalers, retailers, landscape architects or florists.
The breeder's main work remains the building of new genetic combinations that will become new varieties, sometimes several years later, while the environment (in a broad sense, including international trade or world economy) and consumers requirements are continuously moving. Breeders are always facing the difficulty of anticipating evolution trends and their translation into breeding goals.
When trying to imagine what the future might be, a come back to the past is essential. Economists, working mainly on industrial products, use to consider that innovation is an iterative and cumulative process because it takes advantage of training. Initial technical choices are often a source of irreversibility; as an example, the development of container culture of woody ornamentals in Europe in the sixties led to the 76 development of specific research to bred and develop varieties well adapted to that method of production. Moreover, historians and sociologists may find in the past indications on coming evolutions by underlining why change is likely to occur whereas biologists and breeders have to appropriate technical progress and get an advantage from the advances of general knowledge. Those last 50 years, at least in industrialized countries, breeding goals have mostly been devoted to the increase of productivity and quality (disease resistance, satisfactory growth under limited heating, dwarfing of shrubs, flower life duration, new colors, ....); examples are many but cataloguing them is not the purpose of this paper. During the same period new species have been introduced from wild or from a limited cultivation and some have started a noticeable career (Anigozanthos, Eustoma, Osteospermum,...) .
What will be the evolution of breeding goals in coming years? To answer this question one can try to analyze the possible effects of major trends connected to ornamental horticulture production and trade, to the expectations of consumers as well as to the possibilities offered by the most recent breeding techniques.
This paper is an attempted forecast on possible evolution of breeding goals for new ornamentals considering the major changes at international level.
Supply and demand are increasing at the World level and new production zones have appeared
Since the fifties the consumption of horticultural products has increased, favored in Europe by the reconstruction of cities and urbanization, the development of householders' small gardens, an increasing purchasing power, the increase of road infrastructures, the outbreak of garden centers and supermarkets, and so on. In the same time, European production grew into a true growing industry to be able to carry out consumers' increasing wishes.
De Groot (1999) estimated that cut flower markets at the world level are growing at an approximate rate of 6 to 9% a year. While the total consumption has been estimated to be about 13 billion euros in 1985, it might reach 37 billion euros in 2001. Trends are about the same in the pot plants world trade, where consumption has been growing from about 12,5 billion euros in 1985 to 23,5 billion euros expected in 2000.
In more recent years, that is about the mid sixties, the worldwide development of horticulture has led to some changes. New players have appeared which are taking an important place in ornamental production. Cut flower production in Ecuador has gone up from 3200 tons in 1990 to 27500 tons in 1997. Compared to 1998, the Kenyan flower export to The Netherlands and to the UK increased with 22 and 51% respectively. In China, 40000 hectares were used for ornamental production in 1990; it was 75000 in 1997 and will probably reach 100000 hectares this year.
Countries can be divided into three groups along their possible effects on the introduction of new breeding goals and the release of new varieties. A first group includes South American countries (Ecuador, Colombia) or West African countries (Kenya, Zimbabwe, ...); here some of the so-called 'old products', mainly roses and carnations, have been relocated from their more traditional zones of production. They have been often helped by very favorable climatic conditions, by low labor costs and by the reduction of transport fares. New rose producers request thornless varieties with an increased post harvest quality because most of their production has to be exported. Moreover in Latin America roses are grown at altitudes of 2300-3000m characterized by cold nights, thus varieties with good growth at lower temperatures are requested (Gudin, 1999) . Relocation practice of some productions, as for instance cuttings of Pelargonium, may generate new sanitary problems urging growers to adapt a sanitary scheme together with the selection of less susceptible clones. Better adapted varieties have to be created and research work is on going, as illustrated by China which is cooperating with several foreign countries, to make an evaluation of existing varieties in different area with rather different climatic and ecological conditions.
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European rose growers, on their side, have intensified their production and this has lead to the demand for new varieties that can be grown on their own roots and are able to be managed following the known technique of 'bending'. These same growers are also appealing for new varieties while the plantation renewal is shorter than it used to be (Gudin, 1999) . In The Netherlands, rose producers are switching to varieties with big flower buds and new colors requiring low light intensity without flower bud abortion. Breeding of new varieties must give European and North American countries a competitive advantage compared to countries which are 'new players' in the international competition.
Israel switched to ornamental horticulture about 30 years ago and quickly left traditional cut flower production for the domestic market, to develop new crops, which actually represent about 60% of the exportable cut flowers (Halevy, 2000) . Unlike most other cultivated plants, ornamental horticulture is characterized by the possibility of developing new genus or species, provided they can satisfy consumers' needs. The future of such new plants depends greatly on their own potential and the skills of the growers. Once a species has been successfully launched, new varieties can be developed maybe only for a broader diversity or also for a better adjustment to local environmental conditions. Breeding projects have been developed for instance on Gypsophylla. A recent analysis of importations on the European cut flower market shows a dramatic increase from about 10 million in 1960 up to 600 million Swiss Francs in 1995 (Ben-Tal, 1998) . With the exception of roses and chrysanthemums, the demand of the European Union for traditional products has been decreasing the last 15 years; during the same period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) new species have been developed in Israël (Eustoma, Limonium, Chamaelaucium, Anigozanthos) and the export of so called 'old' flowers increased from 617 to 704 million stems while that of 'new' flowers increased from 70 to 432 million stems. The necessity of developing new varieties of Gladiolus, Dianthus, Eustoma, Anigozanthos, Lilium, Delphinium that fit Israel climatic conditions and produce a still better quality and for some a better yield, was drawn from this analysis.
A third group of countries has a rich flora (Australia, New Zealand, South Africa, Thailand and some others). They have good arguments to develop a floricultural activity. The first is obviously the richness and uniqueness of their floral resources as well as their ability to access and test a wide range of species. Moreover, they can benefit from seasonal advantages in the Southern hemisphere or at least from highly favorable climatic conditions in tropical area of the Northern hemisphere, compared to those prevailing in the temperate area where most consumers are living. In Australia (Jones, 1995) as well as South Africa (Jansen van Vuuren, 1995; Coetzee et al., 2000) , the way used to develop new floricultural crops seems identical starting with wild picking, then cultivation of the most promising species and, as a final step, the selection of better suited varieties by improving quality, homogeneity and other traits when requested. This is well demonstrated by breeding programs on Proteas in South Africa and Anigozanthos in Australia. Thus it is proven that diversification to broaden the range of species used not only is a breeding goal by itself but may also lead to the development of new varieties in some cases. This is likely to go on in the coming years as stressed by van Oosten (1998) in a prospective and critical analysis; the risk of standardization due to the globalization of trade is being thwarted in some parts of the world by existing differences and local identities. Competitors will have to develop the ability of creating differences in markets and make effective use of those differences. This implies a need for a continuous stream of new products and the raise of a culture that stimulates innovation.
Consumers' requests are evolving
It is not so easy to know and predict consumers' tastes as they are changing following most of the time an unpredictable way where fashion may be a strong driving force. In Angers we have experienced this twice. Selections of Cupressus arizonica bearing a resistance to cypress canker (Seridium cardinale) and able to be propagated in a 78 less expensive way by cuttings instead of grafting, and promising selections of Berberis with an ever-red foliage were not released to trade because consumers had switched to other hedging plant species. This is all the more likely to occur as breeding programs last several years, overlapping changes of consumers' tastes.
To avoid this situation, one can try to forecast consumers' tastes through surveys. Apparently not many have been executed or at least published, since surveys may be of strategic importance for growers or breeders. Surveys have been made to know consumers' expectations for Pelargonium in the USA (Behe et al., 1999) and more recently in France (to be published). Other surveys have been made to characterize consumers' behavior that can help growers and breeders to propose products and thus varieties that fit in with differentiated segments (Burke, 1999) , even if some sociologists do not fully agree that kind of analysis.
However, general trends can be drawn from observations on consumption of horticultural products like fruits and vegetables. Among conclusions from the recent World Conference on Horticultural Research (Sansavini, 2000) , it has been emphasized that general goals for horticultural research should be the protection of the environment, the improvement of product quality, the protection of human health and the development of new products.
European countries are showing more and more a greater concern for the protection of their environment. This is witnessed with the regulation on water saving, that has to be renewed this year. Consequences for growers are for instance the recycling of nutritive solutions and a more rational use of pesticides and chemical fertilizers.
This demand is also taken into consideration by supermarkets, and large-scale distributors, which are playing an increasing role in the distribution of ornamental plants and flowers in Europe. They also request from their suppliers a constant high standard of quality, a regular supply of homogeneous products, evidences of the origin, the way of production of the plants they are selling (for instance a record of sprays), a certification of the absence of any risk to the population and environment and a guarantee on the longevity of the flowers or plants. In countries like Switzerland, Great Britain and The Netherlands, a growers' adhesion to the Dutch environmental program MPS (Milieu Project Sierteelt) may be requested. Pressure is on to favor indirectly varieties with a long shelf-life, which are disease resistant or at least adapted to an integrated pest management system, so that workers will be less exposed to excessive sprays during cultivation and consumers to unwanted residues (Widehem and Petitjean, 2001) .
The demand for a high quality level and the possibility of tracing back every flower or plant will become a prerequisite for large-scale distribution. Therefore, breeders will have to develop varieties needing less input, resistant to diseases and to water stress.
European countries are also aware of a good sanitary status of reproductive material that has to be commercialized between member states or introduced from foreign countries. No doubt it will result in the selection of varieties resistant to viruses and the development of sanitary certification schemes.
Park and garden authorities are also sensitive for trees and shrubs that need no spray against pests and diseases and whose maintenance costs are low.
Promising breeding techniques are now available
The last century will remain, in every respect, an outstanding one. Starting with the rediscovering of Mendel's laws, it has ended with the sequencing of the genome of the model plant Arabidopsis thaliana. The development of vitro culture, the discovery of plant cell ability to go back to undifferenciation because of totipotency, the cloning of genes are some of the milestoning achievements that broadened the breeders' toolbox from hybridization to genetic engineering. It is not the purpose here to make a review of what has been created by using one or more of the available techniques. Several reviews have been published recently on rose (Rout et al., 1999) , bulbs (Kim Kiu Weon and de Hertogh, 1997), cut flowers (de Jong, 1999) or on a range of techniques used (de Jeu, 79 2000). Salamini (2000) has also published an exhaustive review of results obtained with horticultural crops including ornamentals.
To answer the question: 'Can new techniques prompt the evolution of breeding goals or the budding of new ones?' one can examine what is currently done and where are the main progresses made. As an example, Cadic (1999) made a bibliometric survey of the international scientific and technical literature dealing with genetic transformation of ornamental species cited in the CAB International database (CABI). Today, 492 references can be captured by selecting 'ornamental plants' and 'genetic transformation' as keywords between 1985, the year of the first citation, and 2000.
In this study, the number of citations occurring in the data base has been considered as a relevant indication of research activity. Not surprisingly, most citations deal with the major ornamental species Dendranthema, Dianthus, Rosa, Lilium, Pelargonium and Gerbera which are also those providing the highest number of varieties by conventional breeding registered through UPOV. Eustoma and Torenia, though with less citations, still come ahead of Anthurium, Gladiolus and Tulipa. Petunia has been kept apart since it is often used as a model species to develop new concepts or strategies.
Breeding goals, when provided, are captured in Table 1 , where several new results published in 2000 have been added.
The largest number of citations is devoted to flower (and less often to vegetative organs) color. The pioneer work on Petunia based on a pretty good knowledge of the biosynthetic pathway of the flavonoid group of pigments, and the availability of cloned genes may explain this, as well as the importance of flower color in most conventional breeding programs. Nothing has been published on the modification of the carotenoid biosynthetic pathway of ornamental flowers. In our breeding unit, we are using the capsorubin synthase gene (cs) with a flower specific promoter to replace the yellow violaxanthin by the red capsorubin in Forsythia flowers with no phenotypic modification today (Duron, pers. com.). Quantitative and qualitative modifications of the carotenoid content of flowers will probably be among the breeding goals in the coming years.
To change the growth habit and the branching of whole plants and the morphology of vegetative organs rol genes from Agrobacterium rhizogenes might be used. Those genes have a strong pleiotropic effect often resulting in undesirable phenotypes. Increasing knowledge on genes involved in the growth and development of model plants will result in the use of genes with a much more specific action on plant compacity or branching. Such breeding goals are not new, so to speak, but they may appear more frequently, whatever the technique involved, since spraying pot plants or shrubs with growth regulators may become undesirable in the coming years, at least in Europe.
Increasing vase life of Dianthus flowers is a recurring theme now extended to shelf life of pot grown Begonia; in this survey of literature dealing with ornamentals, the only mentioned strategy used a gene involved in ethylene synthesis.
Limited use of homeotic genes has been made to modify flower morphology and to induce sterility; an exception being the non applied work on Gerbera by a Finnish team (Yu DeYue et al., 1999) . Future developments may be expected from that strategy on different species.
Disease resistance is obviously a major breeding goal in most cultivated plants. Virus resistance has been developed mostly through viral coat protein conferring specific resistance. Other methods have been described (Hammond, 1996) including non specific strategies (Berthomé et al., 2000) . Resistance to bacteriosis or cryptogamic diseases have received little attention, they both deserve more extensive work and no doubt this situation will be improved in the coming years.
Most probably, work on resistance to herbicides will have any impact out of the group of species used as lawn and turf; Agrostis is the only genus mentioned in the international literature today.
Absolutely no publication has yet been devoted to genetic modification of plant perfume. While the identification of aromatic molecules has been undertaken by chemists a long time ago, not a lot seems to have been done on the understanding of enzymatic 80 steps in the biosynthetic pathways and thus on genes involved. The American team of the Purdue University, working on Clarkia breweri, a Californian native Scrophulariaceae, could open that door (Dudareva and Pichersky, 2000) .
A data base survey can provide information on trends and progresses in research. But what are the concrete results that may lead to new varieties and thus showing the reality of breeding goals' evolution?
Assuming that plants tested in field conditions may represent breeders' goals and expectations, an analysis of the notifications of field trials has been done.
So far, carnation varieties with a modified color due to delphinidin synthesis or with a longer vase life induced by an ACC synthase gene have been allowed in Australia in 1995 (iogtr Web site, 2000 and in the European Union (rki Website, 2000) in 1997 and 1998.
Fourteen genera, each represented by a variable number of transgenic clones or lines, are still under trial in the USA, Australia, Japan or the European Union (Table 2) . A brief analysis of those data shows that, as expected, Dianthus and Petunia have given the largest number of clones or lines. The position of Osteospermum is unexpected since it is not considered as a major crop and significant interest for this crop is new: the very first varieties have been registered through UPOV in the 90' i.e. mainly between 1992 and 1996. For Rosa, and to a lesser extent Dendranthema, the most important ornamental crops at the international level, a very limited number of notifications has been observed.
Longevity and color of flower rank first among the breeding goals, but this is mainly due to the important work on Dianthus. Modifications of the morphology of whole plants or plant organs have only given results in Osteospermum, where rol genes have been extensively used. Flower color and resistance to fungi are well spread goals over a broad range of species. Resistance to the herbicide glyphosate has only been investigated in Petunia. Although a fair number of publications on the use of genetic transformation to induce virus resistance have been cited, only four genera, namely Dendranthema, Dendrobium, Gladiolus and Petunia have been submitted for field testing.
From this survey of the international literature on genetic transformation and field trials in some countries, we can observe that a pretty good number of genera has been tested for their ability to be transformed. Success claims are limited to a smaller number of species and results of field trials give a good idea of genotypes that might be close to release. Therefore, we can foresee that in the coming years genetic transformation will probably be applied to a larger number of genera and species and progress will be consistent on major ornamental crops like Rosa, Dendranthema and bulbous species. Breeding goals will include the modification of carotenoid content and fragrance of flowers. Resistance to plant diseases will remain a major breeding goal, the number of virus resistant plants using the coat protein strategy or other strategies will increase. Morphology of the whole plant has been modified by using the rol genes, other genes with a more specific action will be used as soon as they are cloned from other species and mainly from model plants. Generally speaking, one can expect that progress in genomics and related techniques will allow to apply breeding goals to new species or to fine tune them.
The use of transgenic varieties will obviously depend on their acceptance by consumers.
International agreement on Plant Breeders' Rights has changed
Plant variety protection has long been a strong engine favoring the breeding of new varieties, allowing breeders of being fed back by royalties perceived on propagation material or in some instances like roses on products derived from the new variety. Table 3 shows the number of applications for several genera. There is a strong correlation between the number of applications and the economic importance of crops, as evident for Rosa, Dendranthema and Dianthus. The number of applications for more recently 81 introduced genera is also increasing rapidly as illustrated with Anigozanthos, Eustoma and Osteospermum. The renewal of the UPOV convention in 1991, introduced new rules (Ruiz et al., 2000) . All genera and species may be protected; this might have favorable effects on species new to cultivation, a frequently occurring situation with ornamentals, encouraging breeders to develop still more efficient varieties.
Protection has also been extended to the harvested products coming from the new varieties and also to secondary metabolites, as for instance essential oils extracted from flowers or other parts of the new variety. This disposition might have effects on the possibility of broadening the use of ornamental plants as industrial plants for example.
The 1991 version of the UPOV convention also introduced the concept of 'essential derivation' applied to varieties that are very similar to an other one but can be distinguished by one visible trait. This is likely to occur when mutagenic treatments or genetic transformation have been used. This rule has been introduced to protect the initial breeder from being spoliated and giving a possibility of agreement between parties.
By far, less clear is the situation with transgenic ornamental varieties that are still to come. Unlike the USA, under UPOV rules a variety cannot be protected by a utility patent (or industrial patent) but a transgenic plant can; this situation might have negative effects on the access to the genetic variability.
Concluding remarks
Analysis of major trends in ornamental horticulture may lighten the future of new varieties and breeding goals. Diversification through the use of new genera and species will increase, and for some of them new breeding programs will be launched to propose better suited varieties. Consumers' tastes will be strongly influenced in the long term by an increasing concern for quality of products and environmental protection resulting in a stronger request for disease and pest resistant plants that, for instance, need not to be sprayed for their protection. Selection against the most detrimental viruses will complement sanitary certification techniques to answer the demand for virus tested plant material in the European Union. Among possible techniques, genetic transformation has been chosen as a case study; a comparison has been established between information given in publications and plants proposed for field trials in several countries. Several fixed goals have been reached, other are still expected like virus resistance, modification of aromatic constituents, alteration of the carotenoid pathway. Plant protection through Plant breeders' right is rather favorable to the development of new varieties even if the patenting of transgenic plants might limit the access to genetic resources 
